Glucocorticoid hormones specifically increase the intracellular concentration of mouse mammary tumor virus (MMTV) RNA in a cultured cell line from a GR mouse mammary carcinoma (GR) and in an MMTV-infected rat hepatoma cell line (M1.19). In contrast, these steroids have no effect on the concentration of MMTV RNA in a lymphoma line, S49, from a Balb/c mouse. Using a molecular hybridization procedure to detect newly synthesized RNA, we Steroid hormones are thought to act as allosteric effectors to increase the affinity of their cytoplasmic receptors for DNAcontaining binding sites in the nucleus (1, 2). The biochemical events that take place at the nuclear sites are not understood, but it is presumed that they are responsible for the physiological alterations induced by steroid hormones. In some steroid responsive systems, there is clear documentation that specific mRNA species accumulate in the hormone-treated cells (3-7). While it is usually assumed that the steroid-receptor complex acts to stimulate the transcription of these specific genes, there has not been a clear demonstration that the steroid-induced accumulation of a specific mRNA is actually due to an increase in its rate of synthesis.
Steroid hormones are thought to act as allosteric effectors to increase the affinity of their cytoplasmic receptors for DNAcontaining binding sites in the nucleus (1, 2) . The biochemical events that take place at the nuclear sites are not understood, but it is presumed that they are responsible for the physiological alterations induced by steroid hormones. In some steroid responsive systems, there is clear documentation that specific mRNA species accumulate in the hormone-treated cells (3) (4) (5) (6) (7) . While it is usually assumed that the steroid-receptor complex acts to stimulate the transcription of these specific genes, there has not been a clear demonstration that the steroid-induced accumulation of a specific mRNA is actually due to an increase in its rate of synthesis.
Production of mouse mammary tumor virus (MMTV) by cultured cells derived from mammary carcinomas of mice can be augmented by treating the cells with glucocorticoids (8) (9) (10) (11) (12) (13) (14) . The effect is paralleled by a concomitant increase in the intracellular concentration of MMTV RNA (9, 12, 13, 15, 16) ; similar effects upon the concentration of viral RNA have also been observed in heterologous cells infected by MMTV (17, 18) . After an apparent lag of about 15 min, the viral RNA concentration in GR mammary tumor cells increases with a half-time of about 2.5 hr, reaching a new steady-state level, 10-to 20-fold over uninduced levels, by 5-6 hr after hormone addition (13) . The induction of viral RNA is sensitive to inhibitors of RNA synthesis but insensitive to inhibitors of protein or DNA synthesis (13, 16) . Although these observations are consistent with a model in which the steroid-receptor complex stimulates viral RNA synthesis, they do not exclude the possibility that the hormone acts by altering the processing of viral RNA and/or its degradation.
Abbreviations: MMTV, mouse mammary tumor virus; cDNA, radioactive DNA complementary to MMTV RNA; NaDodSO4, sodium dodecyl sulfate.
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In the present communication, we have used an assay devised by E. Stavnezer and J. M. Bishop (unpublished) , which has allowed us to investigate the effects of glucocorticoid hormones on the rate of MMTV RNA synthesis. Our results suggest that glucocorticoid hormones stimulate the rate of transcription of MMTV genes in both mouse mammary tumor cells and in MMTV-infected rat hepatoma cells.
MATERIALS AND METHODS
Cells and Viruses. GR and S49 cell lines have been described (12) . HTC cells were infected with MMTV concentrated from the medium of GR cultures (17) and cloned as described (19) . MMTV purified from the milk of RIII mice was kindly provided by Dan Moore, Institute for Medical Research, Camden, NJ. Avian sarcoma virus (strain B-77) was propagated in chick embryo fibroblasts and purified as described (20 Preparation of "Tailed Duplex" DNA. MMTV (approximately 3 X 1012 particle in 7.5 liters of GR culture medium) was isolated by centrifugation in a Spinco type 19 rotor (19,000 rpm for 90 min at 40), resuspended in 7.5 ml of 0.1 M Tris-HCI (pH 8.2) and added to 110 ml of a DNA polymerase reaction mixture containing 0.3% Nonidet P-40, 3 mM MgCl2, 1.5% 2-mercaptoethanol, and 10-4M each of dCTP, dATP, dGTP, and dTTP. To label a sample of the DNA, we added 2 MM [3H]-dTTP to an aliquot of the reaction mixture. After 11 hr at 370, sodium dodecyl sulfate (NaDodSO4) (0.5%) and Pronase (500 Mtg/ml) were added and incubation was continued for 1 hr. Nucleic acids were extracted with phenol, precipitated with ethanol in the presence of 300 Mig of salmon sperm DNA, resuspended in 5 ml of Tris/EDTA buffer, and incubated at 370 for 1 hr with 100 ,g/ml of pancreatic ribonuclease. After an additional phenol extraction and ethanol precipitation, the DNA was resuspended in 100 MA of Tris/EDTA, diluted with 1 ml of 8 M urea/1% NaDodSO4/0.2 M Na2 phosphate, and passed over a 1-ml column of hydroxylapatite at 60°. The column was washed with 4-5 ml of urea/NaDodSO4/Na2 phosphate; DNA containing double helical structures was then eluted with 3 ml of 0.4 M phosphate buffer. Salmon sperm 51 Ci/mmol) and RNA was extracted as described (13) . The specific activity of RNA from cells labeled [32PIRNA (about 103 cpm, 0.1-0.2 ng) was added to measure the efficiency of hybridization. At the end of the incubation, the reaction was diluted into 100 Al of 0.3 M NaCl/0.03 M Na citrate and treated with 50 Mtg/ml of pancreatic ribonuclease for 30 min 4t 37°. One milliliter of urea/NaDodSO4/Na2 phosphate was then added and the sample was chromatographed on 0.2-ml columns of hydroxylapatite at 60°. The sample breakthrough and a 1-ml wash were collected into a scintillation vial; radioactivity was measured in 10 ml of phase combining scintillant (PCS) (Amersham-Searle) and 1.5 ml of H20. The columns were washed with an additional 5-6 ml of urea/NaDodSO4/Na2 phosphate (this wash contained less than 5% of the total radioactivity and was discarded) and with 2-3 ml of 0.5M NaCl/20 mM Tris, pH 7.4 to remove residual urea/NaDodSO4/Nai phosphate. Finally, the bound material was collected by dissolving the hydroxylapatite in approximately 1 (Fig. 1A) ; the DNA/RNA ratio required for maximum hybridization was approximately 50:1. Since 80-85% of the tailed duplex DNA was resistant to the single-strand specific nuclease S1 (and therefore in double-helical form), only 15 (Fig. 1B) ; the nature of this material has not been investigated. This background was determined in each experiment and the results were appropriately corrected ( Extraction of RNA, hybridizations, assays, and calculations were performed as described in Materials and Methods and in the legends to Fig.  1 and Table 1 . In all reactions, 0.5 to 1 X 106 cpm of cell [3H]RNA was used.
cumulation of viral RNA in these cells (17) . Since the time required to reach half-maximal levels of MMTV RNA concentration in these cells (10) (11) (12) (24, 26) . The cytotoxic effect of the hormone appears to be mediated by specific receptors (26) (27) (28) The experiments presented here measure the amounts of MMTV RNA that become labeled during 15-to 30 -min labeling periods. Although we infer that these short labeling periods provide a measure of rate of synthesis, we cannot rule out the possibility that the hormone may act by inhibiting the degradation of a very short-lived viral RNA species. Since maximal rates of labeling occur within 15 min after addition of the hormone, such a molecule would of necessity have a half-life much shorter than 15 min. In the most extreme case, it is conceivable that the hormone prevents the degradation of nascent viral RNA, whose synthesis occurs at high levels both in the presence and absence of the hormone. Cell-free transcription of MMTV genes will hopefully resolve this issue.
In contrast to our findings in GR and infected HTC cells, MMTV RNA production is not regulated by glucocorticoids in S49 cells; viral RNA is present at high levels in these cells in the presence or absence of dexamethasone. It is possible that the apparent constitutive transcription of MMTV DNA in S49 cells results from the presence of an inactive regulatory component; alternatively, it might be due to some aspect of the site of the transcribed viral DNA. Multiple copies of virus-specific DNA are integrated into the genome of normal mouse cells as well as mammary tumor cells and MMTV-infected HTC cells; however, nothing is presently known about the sites of integration.
Several modes of transcriptional regulation have been described in prokaryotic systems. In many instances, small ligands act in concert with regulatory proteins to alter the rate of transcription of specific gene sequences (31) . The studies reported here represent direct evidence that small molecules, in this case steroid hormones, may affect the rate of specific transcription in eukaryotic cells as well. Whether the biochemical reactions governing these changes are similar in prokaryotes and eukaryotes remains to be determined.
